We examine socioeconomic factors affecting water demand and expected trends in these factors. Based on these trends, we identify past, current, and projected withdrawal of surface water for various uses in Pacific Coast States (California, Idaho, Oregon, and Washington), including public, domestic, commercial, industrial, thermoelectric, livestock, and irrigation. Additionally, we identify projected demands for nonconsumptive instream recreational uses of water, such as boating, swimming, and fishing, which can compete with consumptive uses. Allocating limited water resources across multiple users will present water resource managers and policymakers with distinct challenges as water demands increase. To illustrate these challenges, we present a case study of issues in the Klamath Basin of northern California and southern Oregon. The case study provides an example of the issues involved in allocating scarce water among diverse users and uses, and the difficulties policymakers face when attempting to design water allocation policies that require tradeoffs among economic, ecological, and societal values.
Introduction
Scarcity of water in terms of quality, quantity, or timing, raises issues about how to deliver water, when, to whom, and for what purposes. Resolving such questions can be accomplished through appropriate institutional mechanisms (see, for example, Houston and others 2002) . Their resolution, however, depends on understanding future demands for water in all potential uses, the priorities society places on those uses, and how various groups value different uses of water. Such information provides the basis for anticipating how trends in particular water uses over time might affect other water users, and evaluating who might gain and who might lose as a result of particular policy decisions and management actions.
Growth in demands for water will depend on a variety of changing socioeconomic factors, including population, income, and technological innovation, to name a few. Because water is essential for human life, increases in population will necessarily increase the demand for water. Increases in income also may increase the demand for water, because higher incomes generally lead to greater demands for goods and services produced by industrial, commercial, and agricultural sectors that use water as a production input. Some of these increases in water demand can be offset by technological innovations that increase the efficiency with which water is used in industrial, commercial, or agricultural production. Technological innovations, however, also can increase total demand for water if new technologies bring about new uses. Nationally, the efficiency with which water is used has increased over the past few decades. If this trend continues, aggregate withdrawals of fresh water nationally will stay below the 1995 level through at least 2050, despite an expected 41-percent increase in the U.S. population (Brown 1999) . This projection, however, relies on an assumption that irrigated acreage in the Western United States will decline. In Pacific Coast States, irrigation accounts for the largest proportion of all freshwater withdrawals and is projected to decrease in the future owing, in part, to increased technological efficiencies (Brown 1999) . Expected reductions in irrigation water use will be offset by increasing demands for water in nonagricultural uses. If irrigation acreage does not decline as anticipated, future water withdrawals could be substantially greater (Brown 1999) . Competing demands for water in all uses will shape the context in which water management and policymaking will take place.
The overall demand for water in Pacific Coast States is projected to increase in the foreseeable future, largely because of anticipated increases in the region's population. For the purposes of this report, we include as Pacific Coast States the coastal states of California, Oregon, and Washington, as well as Idaho, because of the relatively substantial impact Idaho has on the Columbia River system. Water uses in these Pacific Coast States include navigation, power generation, industrial uses, irrigation, boating, fishing, swimming, drinking, lawn and landscape maintenance, and habitat for salmon and other fish and wildlife species. Although some of these uses are compatible with one another, others can be in direct competition, especially during low rainfall years.
Increased competition for water among different users and uses was most recently exemplified during summer 2001 by conflicts between irrigators and the U.S. Department of the Interior, Bureau of Reclamation, regarding the allocation of water in Oregon's Klamath River Basin. Lower than average snow and rainfall led to insufficient water for both irrigation and riparian or instream habitat for fish species listed as endangered under the Endangered Species Act, resulting in significant conflict. Allocating water among multiple competing uses will increasingly necessitate difficult tradeoffs among socioeconomic and ecological values as competition for limited water resources increases. Information about potential demands for water for various uses can be useful for anticipating the need to make such tradeoffs in the future.
In this report, we examine socioeconomic factors affecting water demand and how those factors are likely to change. Based on these trends, we identify past, current, and projected demands for the withdrawal of surface water for various water uses in Pacific Coast States, including public, domestic, commercial, industrial, thermoelectric, livestock, and irrigation. Additionally, we summarize projected demands for nonconsumptive instream recreational water uses that will compete with diverted consumptive uses. We then summarize water use issues in the Klamath Basin region of northern California and southern Oregon. This case study provides an example of the difficulties managers and policymakers can face when attempting to allocate limited water resources among diverse users and uses.
Future demand for both freshwater withdrawals and water recreation will depend on trends in socioeconomic factors, such as changes in population, income, and irrigated acreages, and changes in technology that improve water use efficiencies. Expected trends in these factors can be used to describe future demands for water in all of its uses. Examining past trends in water use by state and use category can help formulate expected trends in water demand determinants and water use.
The U.S. Geological Survey (USGS), in cooperation with individual states, collects and reports uniform information on the sources and uses of water in the United States. Reports are published every 5 years. This effort provides long-term data on national water use that can be used to assess the effectiveness of alternative water management policies, regulations, and conservation activities and to project water demands (Solley and others 1998) . Total withdrawn freshwater use, as reported by USGS, consists of eight water use categories: public, domestic, commercial, irrigation, livestock, industrial, mining, and thermoelectric power. In Pacific Coast States, very little water is used for livestock, mining, and thermoelectric power, and for this reason we have aggregated these categories along with traditional industrial and commercial uses into a single industrial and commercial category. With the exception of thermoelectric power, these water uses are primarily consumptive. Consumptive uses generally reduce the quantity of water available for instream uses, because typically only a small proportion of withdrawals is returned to water systems. Water that is returned to water systems can be of lower quality because of changes in its temperature or the introduction of chemical compounds.
Historical trends in each water use category for Pacific Coast States can be established by using data provided in USGS water use reports (Murray 1968; Murray and Reeves 1972, 1977; Solley and others 1983 Solley and others , 1988 Solley and others , 1993 Solley and others , 1998 . Although the data are a useful resource for describing historical water use, minor variations over time in data collection methods and personnel have resulted in frequent fluctuations in reported use that likely are unrelated to changes in actual use. These fluctuations are magnified as the data are reported for smaller scales (state versus regional, for example) and for more specific uses. For this reason, we think it best to focus on long-term trends present in the data rather than relatively short-term fluctuations from one reporting year to the next.
Aggregate historical freshwater withdrawals in California, Idaho, Oregon, and Washington are presented at 5-year intervals (table 1) . Historically, water use has increased from 45,080 million gallons per day (mgd) in 1960 to 68,132 mgd in 1995, with a high of 77,000 mgd in 1980. Over the entire period, aggregate freshwater withdrawals increased by 51 percent. This increase is largely due to the nearly doubling of the population in Pacific Coast States during this time (table 1) .
Although freshwater withdrawals have increased by 51 percent since 1960, per capita withdrawals have been declining since about 1975, and this has led to declining aggregate withdrawals since about 1985 (table 1) . Solley and others (1998) , however, suggest that the initial dip in aggregate freshwater withdrawals in 1985 was partially due to improved data collection by the USGS and changes in their withdrawal estimation procedures. For reasons such as these, Brown (1999) emphasizes the importance of looking at long-term trends in each water use category rather than short-term changes when using USGS data to characterize historical water use.
More recent reductions in freshwater withdrawals can be attributed to decreases in withdrawals for irrigation, which is the category that historically has made up the largest proportion of aggregate withdrawals. From 1960 to 1995, irrigation withdrawals averaged 84 percent of total freshwater withdrawals, ranging from a minimum of 80 percent in 1995 to a maximum of 87 percent in 1970. Freshwater withdrawals for public and domestic uses generally have made up the smallest proportion of freshwater withdrawals, ranging between 6 and 9 percent of total freshwater withdrawals in the region, and averaging 7 percent. Industrial and commercial uses (1960 to 1995) have ranged from 7 to 11 percent, and averaged 9 percent. Historical freshwater withdrawals for individual water use categories and individual states can present a more complete picture of changes in water demands, and can provide clues about future demands. (Murray 1968; Murray and Reeves 1972, 1977; Solley and others 1983 Solley and others , 1988 Solley and others , 1993 Solley and others , 1998 The populations of Pacific Coast States are projected to continue to grow rather significantly over the next few decades relative to a fairly constant, or at best only moderately declining per capita water consumption. For this reason, we can expect that public and domestic demands for freshwater withdrawals will increase with increasing populations in future years. The magnitude of this increase will rely greatly on the rate of population growth and on water use efficiency gains resulting from technological improvements that could contribute to lower per capita consumption.
Withdrawals for industrial and commercial uses include water for motels, hotels, restaurants, office buildings, commercial facilities, civilian and military institutions, and industrial uses such as processing, washing, and cooling facilities. For the purposes of this report, we also include water for livestock and thermoelectric uses. In many cases, freshwater withdrawal estimates for commercial uses are based on the populations of commercial facilities-for example, the number of workers in an office building, the number of inmates at a penal facility, or average occupancy rate of a hotelrather than actual water use. In contrast, most estimates of industrial water use are based on actual reported freshwater withdrawals (Solley and others 1998) . Livestock water is used primarily for raising cattle, hogs, sheep, and poultry; in 1985, water used for aquaculture was removed from the industrial category and added to the livestock category (Brown 1999) . Thermoelectric uses include water used in fossil fuel, nuclear, and geothermal electric power generation (Solley and others 1998) . The water use estimates for the thermoelectric category are fairly reliable because they are based on actual withdrawal data maintained by federal and state agencies.
Freshwater withdrawals for industrial and commercial uses in Pacific Coast States increased steadily between 1960 and 1980, declined somewhat between 1980 and 1990, but increased again by 1995 (table 3) . The decline between 1980 and 1990 can be attributed to new technologies in the industrial sector that required less water, improved plant efficiencies, and increased water recycling in addition to higher energy prices and increased regulation of pollutant discharges (Solley and others 1993) . The overall trend, however, has mirrored the increasing trend in the region's population. Between 1960 and 1995, the average annual percentage of increase for both population and freshwater withdrawals for industrial and commercial uses has been close to
Public and Domestic Uses
Industrial and Commercial Uses California  159  182  146  145  145  140  162  142  Idaho  122  115  187  181  207  291  238  197  Oregon  156  98  148  133  110  149  135  134  Washington  172  148  145  133  118  140  157  150   Average  159  169  147  143  140  145  161  144 Note: Per capita withdrawals are based on aggregate withdrawals combined with population data reported in USDC Bureau of Economic Analysis (2001) and USDC Bureau of the Census (2000a). Source: USGS national water use reports (Murray 1968; Murray and Reeves 1972, 1977; Solley and others 1983 Solley and others , 1988 Solley and others , 1993 Solley and others , 1998 fig. 2 ). Relatively large differences among states in withdrawals per $1,000 aggregate personal income are due to dissimilarities in the types of water-using industries existing in each state, as well as differences in populations and incomes.
Historically, irrigation has represented the largest proportion of all freshwater withdrawals in Pacific Coast States, ranging from 80 to 87 percent of aggregate withdrawals. The irrigation category includes water used to irrigate crops and public golf courses. Methods used to estimate irrigation withdrawals differ. In some cases irrigation withdrawals are based on estimates of the water needs of specific agricultural crops. In other cases, irrigation withdrawals are estimated based on typical water application rates for crops, irrigated acreages, and estimated conveyance losses (Solley and others 1998) . Historical data presented are derived from a combination of these methods, because each region tends to collect data by using the best methods available to them. There have been several attempts to project water use in the United States (Brown 1999; Guldin 1989; National Water Commission 1973; Water Resources Council 1968 , 1978 Wollman and Bonem 1971) . The projections reported by many of these studies differ significantly, and there are frequently relatively large discrepancies between projections and actual water use observed (Brown 1999 , Guldin 1989 , Osborn and others 1986 . The accuracy of water use (or demand) forecasts depends on correctly identifying the determinants of water use as well as carefully constructing a reasonable set (Murray 1968; Murray and Reeves 1972, 1977; Solley and others 1983 Solley and others , 1988 Solley and others , 1993 Solley and others , 1998 . Source: Irrigation uses from USGS national water use reports (Murray 1968; Murray and Reeves 1972, 1977; Solley and others 1983 Solley and others , 1988 Solley and others , 1993 Solley and others , 1998 ; irrigated acres from USDC Bureau of the Census (1995) and USDA National Agricultural Statistics Service (1999).
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of assumptions regarding future levels of those determinants. Even with such care, the accuracy of water use projections can be greatly affected by unexpected changes in technology and economic conditions.
Our projections of demands for freshwater withdrawals for public and domestic, industrial and commercial, and irrigation uses are based on methods used by Brown (1999) Assumptions about changes in the determinants of freshwater withdrawals will have a significant impact on water use projections for each use category. Projections for Pacific Coast States indicate that the region's population will increase 44 to 153 percent by 2050, depending on which projection series is chosen (table 5) . The actual impacts of population growth on freshwater withdrawals will be partially offset by anticipated reductions of irrigated acreages as agricultural lands are converted to urban uses to accommodate increasing populations. Increasing technological efficiencies, as well as water conservation measures, also will play a role. The specific assumptions regarding these additional determinants are described in the particular subsections describing each of the use categories. The influence of each determinant is evaluated in a sensitivity analysis. Projections of freshwater withdrawals for public and domestic uses depend largely on expected population growth in Pacific Coast States and assumptions about how per capita water withdrawals might change in the future. Projected freshwater withdrawals for public and domestic uses were estimated by using the following equation:
Freshwater withdrawals for = Population × Average per capita public and domestic use freshwater withdrawals.
Population projections for California, Idaho, Oregon, and Washington ( Given medium-series population projections and historical averages of per capita freshwater withdrawals, projections for public and domestic water uses indicate relatively significant increases in freshwater withdrawals for public and domestic uses regionwide by 2050 (table 6) . Much of this projected increase is due to a near doubling of withdrawals in California, owing largely to expectations of significant population growth in that state. By 2050, withdrawals for public and domestic uses are projected to increase by 90 percent in California, 72 percent in Idaho, 65 percent in Oregon, and 72 percent in Washington, for a regionwide average increase of 85 percent.
Projected increases in freshwater withdrawals for public and domestic uses closely mirror projected rates of population growth in Pacific Coast States because we have assumed constant per capita withdrawals for 2000 to 2050. Historical fluctuations in per capita withdrawals, however, do create some uncertainty regarding future trends. It is conceivable that new or increasing conservation efforts or technological efficiencies could reduce per capita consumption. In fact, such changes likely will be necessary in order to supply fresh water to the growing population expected.
Conceptually, the amount of water used by industrial and commercial users is dependent on demands for industrial and commercial outputs, which in turn are dependent on population levels and personal income levels, among other factors. For this reason, population and per capita income are commonly used to estimate projections of freshwater withdrawals for industrial and commercial uses. Projections of real per capita income were estimated by applying projected annual percentage changes in real per capita income reported by the USDC Bureau of Economic Analysis (1992) through 2040, by using actual per capita income for 1995 as the base year (table 7) . Projected per capita incomes for 2040 through 2050 were estimated by extrapolation. Idaho is expected to have the largest increase in real per capita personal income, with a projected increase of 69 percent by 2050. Real per capita incomes are projected to increase by 59 percent in Oregon and Washington, and 54 percent in California.
In addition to population and per capita income, a third determinant of freshwater withdrawals for industrial and commercial uses is withdrawals per aggregate personal income. We assume that, despite the slight increase in 1995, withdrawals per $1,000 of aggregate personal income will continue to decline by 1 percent per year, and we have projected future withdrawal rates per income accordingly (table 7) . This rate is Per capita personal income slightly less than the historical rate but is similar to Brown's (1999) assumption that reflects a continuation of past trends based on expectations of more efficient production processes and greater levels of water recycling in the future.
----------------Gallons per day ------------------
Given projections of population, per capita income, and withdrawals per aggregate personal income, projections of freshwater withdrawals for industrial and commercial water uses were estimated by using the following equation:
Freshwater withdrawal Per capita Withdrawals per for industrial and = Population × income × $1,000 aggregate commercial uses income.
The projections indicate that all four states in the region will experience increases in freshwater withdrawals for industrial and commercial uses (table 8) . The increases largely are due to projected increases in population and per capita incomes, which more than offset projected declines in withdrawals per aggregate income. Freshwater withdrawals for industrial and commercial uses are projected to increase most in California (77 percent by 2050), followed by Idaho (76 percent), Washington (66 percent), and Oregon (59 percent), making a 71-percent increase for the region as a whole. This is equivalent to an increase of 5,955 mgd over industrial and commercial freshwater withdrawal estimates for 2000. In percentage terms, however, this increase is less than the projected increase in the region's population of 85 percent from 2000 to 2050 (table 5, medium series). Additional efficiency gains likely could be expected if some water use shifts from water-intensive manufacturing and other heavy industry to more service-oriented businesses, leading to lower rates of increase.
Irrigation water use is a complicated function of several factors. Population growth simultaneously increases demands for agricultural crops while decreasing the availability of irrigable agricultural land because of the conversion of agricultural land to urban uses (Brown 1999) . Other factors that affect irrigation water use include energy prices, irrigation technology, international markets, federal agricultural policies, and the increasing need to maintain instream flow for nonconsumptive uses such as recreation and wildlife habitat. Our irrigation withdrawal projections are based on a simplified set of two factors-the area of land under irrigation and freshwater withdrawals per irrigated acre. These two determinants capture the effects of many of the factors mentioned.
Our expectations for trends in irrigated acreages are based on historical trends reported in the U.S. census of agriculture (USDA National Agricultural Statistics Service 1999, USDC Bureau of the Census 1995). Historical data show that irrigated acreages peaked in 1980 in all four states, and then declined until 1990 when they began to increase again. The relatively strong increase in 1995 suggests that recent declining trends may be slowing or reversing altogether.
We assume that irrigated acreage will continue a slow decline, largely because of expectations of increasing conflicts between agriculture and urban land uses, increasing demands regarding maintenance of instream flow for endangered species, and declining availability of water for irrigation. We assume that the rate of decline in irrigated acreage will be equivalent to the average annual percentage of change observed since 1980. Given the projected irrigated acreage and withdrawals per irrigated acre, projected freshwater withdrawals for irrigation were estimated by using the following equation:
Freshwater withdrawals = Irrigated acres × Freshwater withdrawals for irrigation use per irrigated acre.
Estimated projections suggest that irrigation withdrawals will decrease in Pacific Coast States through 2050 (table 10) . Projected declines are greatest in California (12 percent), with Idaho, Oregon, and Washington all projected to experience declines of 6 percent, for a regionwide average of 9 percent. In absolute volume, the projected decline again is largest in California at 3,380 mgd, followed by Idaho (754 mgd), Washington (375 mgd), and Oregon (358 mgd). It is conceivable that increased technological efficiencies in the future could lead to even greater reductions in freshwater withdrawals for irrigation, although this remains somewhat uncertain and will depend greatly on the crops grown in each state and the profitability of developing and adopting new technologies. Aggregate projections of freshwater withdrawals in Pacific Coast States suggest that withdrawals will increase between 7 and 15 percent, with a regional increase of 10 percent above 2000 levels (table 11, fig. 4 ). In absolute terms, increased withdrawals are projected to be greatest in California (3,682 mgd), followed by Washington (1,345 mgd), Idaho (1,008 mgd), and Oregon (781 mgd), for a regionwide increase of 6,816 mgd. This is a relatively substantial projected increase in freshwater withdrawalsequivalent to 85 percent of current (2000) withdrawals for Oregon alone. Depending on where these new withdrawals come from, such an increase could have relatively significant implications for the availability of water for instream uses such as water recreation and maintenance of riparian and instream habitat for endangered species.
Projected Aggregate Withdrawals for All Uses
All Pacific Coast States are projected to experience declining freshwater withdrawals for irrigation by 2050, ranging from 6 to 12 percent below 2000 levels, for a projected regionwide decrease of 9 percent by 2050 (table 11, fig. 4 ). This is equivalent to a reduction of 4,866 mgd between 2000 and 2050. However, owing mostly to expected increase in population, reductions in irrigation withdrawals are projected to be more than offset by relatively substantial increases in withdrawals for public and domestic, and industrial and commercial uses. In spite of these relative changes in projected water usage, irrigation is expected to continue to be the primary user of freshwater withdrawals in 2050. Our projections suggest that irrigation will represent an estimated 65 percent of total withdrawals in 2050, equivalent to 49,138 mgd, or about 597 gpd per person. Given that irrigation will continue to account for the greatest share of all freshwater withdrawals, greater reductions in irrigation water use in the future could free up water to meet expected withdrawal increases demanded by other user categories. Smaller, but still significant savings, also could potentially come from greater efficiencies in water use by public and domestic and industrial and commercial users. We evaluated the sensitivity of our freshwater withdrawal projections to various assumptions made regarding population, irrigated acreage, and irrigation technological efficiencies. In the first two scenarios, we evaluate the effects of assuming lower and higher rates of population growth. In the third scenario, we evaluate the effect of assuming that irrigated acreage remains constant, rather than declining. In the fourth scenario, we evaluate the effect of increasing irrigation technological efficiencies over time. The projections resulting from each of these scenarios is compared to the base case projections previously discussed.
Projections of freshwater withdrawals for public and domestic and industrial and commercial uses are highly dependent on expectations about population growth. To examine this influence, we compared our aggregate freshwater withdrawal projections, estimated by using the USDC Bureau of the Census' medium-series population growth projections, to withdrawal projections estimated by using the low-and high-series projections presented in table 5.
Aggregate freshwater withdrawals based on the low-series population growth estimates are projected to be 8 percent less by 2050 regionwide than withdrawals based on the medium-series population growth estimates (table 12, fig. 5 ). In absolute terms, this represents a projected water savings of 5,972 mgd by 2050. The projected reduction in freshwater withdrawals is largest in percentage terms for Washington, where withdrawals by 2050 would be 9 percent lower. In terms of absolute quantity, the largest reduction is projected in California where withdrawals would be 3,434 mgd less.
Aggregate freshwater withdrawals based on the high-series population growth estimates are projected to be 13 percent greater by 2050 regionwide than withdrawals based on the medium-series population growth estimates (table 12, fig. 5 ). In absolute 
Sensitivity Analysis of Freshwater Withdrawal Projections Effect of Lower and Higher Population Growth Rates
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Based on low-series population projections terms, this represents a projected increase of 9,874 mgd by 2050. The projected increase in freshwater withdrawals again is largest in percentage terms for Washington, where withdrawals by 2050 would be 15 percent higher. In terms of absolute quantity, the largest increase is projected in California where withdrawals would be 5,678 mgd greater.
Our base case projections of freshwater withdrawals for irrigation assume that irrigated acreage will decline in Pacific Coast States at a rate equal to the average annual decline observed between 1980 and 1995. However, 1995 data show that irrigated acreages actually have increased since 1990, indicating that irrigated acreages either could be increasing or at least may have stopped declining. We examined the influence of irrigated acreage assumptions on our projected aggregate freshwater withdrawals by comparing our base case withdrawal projections, which assume annual declines in irrigated acres, to projections estimated by assuming irrigation acreage remains constant at the 1980 to 1995 average.
By 2050, aggregate freshwater withdrawals based on constant irrigation acreage are projected to be 2.6 percent greater than aggregate withdrawals based on declining irrigated acreage (table 13, fig. 6 ). In absolute terms, this represents a projected increase of 2,009 mgd by 2050. The projected increase occurs predominantly in California, reflecting that state's large proportion of irrigated area in the region. The slight decrease in projected water withdrawals relative to the base case scenario for Oregon and Washington is due to the relatively large jump in irrigated acres for 1990 to 1995; holding irrigated acreage constant at rates equivalent to averages for 1980 to 1995 as in this alternative projection, results in irrigated acreages in Oregon and Washington being slightly smaller than acreages projected in the base case, resulting in less water used.
Our base case projections of freshwater withdrawals for irrigation also assume that withdrawals per irrigated acre will gradually decrease each year from a 0.08-percent reduction in 2000 down to a 0.04-percent annual reduction by 2050. We examined the influence of potential water savings owing to even greater technological efficiencies by assuming that irrigation efficiency improves at a faster rate, with withdrawals per irrigated acre declining 1 percent per year. This is the highest annual rate of decline observed from historical data. Aggregate freshwater withdrawals based on a 1-percent annual decline in withdrawals per irrigated acreage are projected to be only 1 percent less regionwide by 2050 than projected aggregate withdrawals at 2050 in the base case (table 13, fig. 6 ). In absolute terms, projections of freshwater withdrawals would decline by only 726 mgd below base case projections by 2050.
Projected increases in freshwater withdrawals resulting by 2050 under each sensitivity analysis scenario range between 1 and 24 percent, with a base case increase of 10 percent (table 14) . Adopting the high-population-series projections results in the greatest increase in withdrawals-9,874 mgd (13 percent) by 2050-when compared to the base case scenario. This is larger than the base case scenario projected aggregate withdrawals in 2050 for Oregon (8,796 mgd) and only slightly less than projected aggregate withdrawals in 2050 in Washington (10,296 mgd). On the other hand, adopting the low-population-series projections would result in a 6,000-mgd decrease in projected aggregate freshwater withdrawals by 2050, compared to the base case scenario (table 14) . This potential savings is nearly equivalent to current freshwater withdrawals for public and domestic uses in California or current freshwater withdrawals for irrigation in either Oregon or Washington.
Effect of Constant Irrigated Acreage
Effect of Increased Irrigation Efficiency
Sensitivity Analysis Implications Neither irrigation scenario-constant irrigation acreage or increased irrigation efficiency-matches the effect that population growth rate assumptions have on projected freshwater withdrawals. Assuming constant irrigation acreages results in a projected increase in freshwater withdrawals of about 2,000 mgd (2.6 percent) by 2050 over the base case projection. Assuming increased irrigation efficiency leading to a 1-percent annual decline in irrigation withdrawals per irrigated acre results in a projected decrease in fresh water withdrawals of about 700 mgd (1 percent) by 2050 below the base case projection. However, because irrigation likely will continue to be the largest user of fresh water in the West and because to some degree population growth in the region is inevitable, it could make sense to target water-saving policies at the irrigation sector. If high-series population projections come to pass, some of the projected increase in freshwater withdrawals in future years could be offset by irrigation reduction efforts.
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Constant irrigated acreage
The water uses discussed so far have been primarily consumptive uses that either reduce the quantity of water available for instream uses or result in returned water being of lower quality owing to changes in water temperature or the introduction of certain chemical compounds. One nonconsumptive instream water use of increasing importance in Pacific Coast States is water recreation. Nationally, participation in most water recreation activities is increasing with growing populations and income levels. For example, Cordell and others (1999) report that participation of persons 16 years and older in motorboating and swimming has increased by 40 and 38 percent from 1982-83 to 1994-95, based on national recreation surveys. To provide a more complete picture of potential freshwater demands, we briefly summarize reported projected changes in recreational demand for water.
Water recreation demands can vary by several socioeconomic factors, including income, age, gender, and ethnicity, as well as by regional population density. Increasing personal income generally has a positive influence on demand for water recreation, whereas increasing age and population density generally have a negative effect (Cordell and others 1999) . For example, income has a positive effect on motorboating because of the costs of purchasing and storing boating equipment. Motorboating also has been more popular among white males than females or individuals of other ethnic groups. Swimming and nonmotorized boating, such as kayaking and whitewater 
Recreational Demands for Water
rafting, generally are negatively affected by a region's population density, which tends to be correlated with reduced access to suitable swimming and nonmotorized boating sites.
Periodic national and regional projections of participation in outdoor recreation are produced as part of the U.S. Department of Agriculture, Forest Service's periodic assessments of the Nation's forest resources, as mandated by the 1974 Resources Planning Act (USDA Forest Service 2001). To our knowledge, these are the only comprehensive nationwide projections that characterize the potential demands for outdoor recreation activities of different types. The projections are based on assumptions regarding anticipated trends in key socioeconomic factors likely to affect recreation demands, including population, income, age, ethnicity, and gender. The projections also account for potential increases in the scarcity of recreation opportunities associated with increased congestion, reduction in site quality, loss of access, and loss of recreation sites because of their conversion to more developed uses as population densities increase (Bowker and others 1999) .
Regional projections of participation rates for several outdoor recreation categories prepared for the USDA Forest Service's 2000 Resources Planning Act assessment are described in Bowker and others (1999 Bowker and others (1999) suggest that increases in population and real income over the next half century are expected to be the most important factors influencing recreation demands. Other factors, such as age, ethnicity, gender, education, and previous recreation experience also can influence recreation behavior and likely also will play a role (Cordell and others 1990 , Hof and Kaiser 1983 , Walsh and others 1992 . Increasing populations imply more recreationists, and rising personal incomes imply that people will have more disposable income to spend on recreation of all types. These increases in water recreation demand will place added pressure on water suppliers to maintain greater quantities of high-quality water instream for nonconsumptive recreational uses, potentially benefiting other instream uses such as riparian and instream habitat for certain species.
Projections of outdoor recreation participation reported by Bowker and others (1999) for Pacific States (Alaska, California, Hawaii, Oregon, and Washington) are presented for motorboating, canoeing, rafting and floating, nonpool swimming, fishing, and visiting a beach or waterside (table 15) . Participation in all water recreation activities in the Pacific region is projected to increase by 2050 both in terms of number of participants and in number of participant days. The numbers of participant days spent motorboating are projected to increase the most (178 percent), followed by rafting and floating (104 percent), canoeing (67 percent), nonpool swimming (47 percent), and fishing (37 percent). The order is slightly different when one considers projected numbers of participants, with rafting and floating projected to increase by 88 percent, followed by canoeing (78 percent), motorboating (76 percent), nonpool swimming (62 percent), and fishing (31 percent).
The numbers of participants (and participant days) for all recreation categories, excluding fishing, are projected to increase faster than growth in the populations of Pacific States. Population growth indices used by Bowker and others (1999) to project recreation participation imply a 45-percent increase in the western population between 2000 and 2050. Although having more people implies more recreationists, projected increases in recreation participation rates also result from expectations about rising per capita personal income. Income indices used by Bowker and others (1999) imply a 77-percent increase in real per capita personal income from 2000 to 2050. Rising incomes likely will make recreation activities more affordable to more people, resulting in increases in participation rates greater than increases from population growth alone. The relatively small increase in fishing demand is due partly to anticipated decline in the number of sites available for fishing as a result of urban expansion and increasing population densities, as well as increases in real per capita personal income (Bowker and others 1999) . Although some types of fishing participation, such as fly-fishing, can have a positive relation with income, aggregate participation in fishing of all types has tended to have a negative relation.
As with the demand for consumptive uses of water, there are many factors not necessarily accounted for in these projections that may influence the accuracy of the demand projections. For example, a larger rise in personal incomes could result in Note: The Pacific region, as defined by Bowker and others (1999) , included Alaska, California, Hawaii, Oregon, and Washington.
Source: Bowker and others (1999) .
more disposable income, resulting in greater willingness to pay for water recreation activities in the future. Changes in the ethnic composition of the population could lead to demands for certain types of recreation over others. Changes in technologies could reduce the costs of recreation equipment and make certain activities more affordable to more individuals, or introduce entirely new recreation activities not yet foreseen. All of these factors contribute to uncertainty in anticipating what water recreation values and demand will be in the future.
At the same time, it is possible that the number of sites suitable for some water recreation activities could decline over time. Greater congestion at some water recreation sites, declines in site quality, and loss of some sites owing to their conversion to more intensive residential, commercial, or industrial uses, or changes in landowner objectives, could make other remaining sites more desirable. Although many water recreation sites receive some protection under Federal Wild and Scenic River, Wilderness Area, and National Recreation Area designations, whether these protections will be sufficient to meet all future demands is uncertain. Increased demands coupled with possible reductions in the supply of suitable or desirable water recreation sites imply a shortage of sites or reduction in the quality of water recreation experiences.
Although the likelihood and magnitude of these potential changes in water-based recreation demand remain somewhat uncertain, they will occur in the context of changing demands for water in other nonrecreational uses. Whether or not increased demands for various types of water recreation can be met is uncertain, especially in a future that is characterized by projected increases in freshwater withdrawals for public and domestic, industrial and commercial, and irrigation uses. The degree to which conflicts will arise between various uses and users of water will depend greatly on changes in water demands as well as the regional composition of interest groups, landowners, policymakers, and institutional structures already in place. Water management and policy will need to be based on sound evaluation of the socioeconomic and ecological tradeoffs involved in allocating limited water resources among multiple users and uses.
Changes in demands and supplies of water over time can lead to different management and policy needs. Because both the demand for and supply of water can depend on climate, relatively short-term fluctuations in weather patterns can result in relatively dramatic changes in the quantities of water demanded by and supplied to different users. If such changes in water demands or supplies are sufficiently dramatic, conflicts among users can arise in the form of more direct competition among multiple users over a greatly diminished supply of water. Such circumstances can present difficult challenges to water resource managers and policymakers called upon to resolve these situations. Although these situations may call for swift and decisive action, the issues involved can be complex, the information needed to facilitate decisions may be lacking, and the tempers of those water users who suddenly find themselves with too little water may be severely taxed. Although we may be unable to predict where and when such crises may occur, we can anticipate some of the issues that may be involved.
An example of the conflicts that can arise among water users occurred during summer 2001 in the Klamath River Basin in southern Oregon and northern California. Long-standing difficulties over allocating water resources in the basin reached critical levels when lower than average snow and rainfall during the winter and spring resulted in insufficient water to supply irrigators while also meeting the The draining of wetlands started around 1890, but under the project the cumulative drained acreage increased from about 40,000 acres in the 1920s, to 100,000 acres around 1930, and then to 190,000 acres in the early 1950s (USDI Bureau of Reclamation 1953). Today, the project provides irrigation water to 200,000 acres of agricultural land (Hathaway and Welch 2001) . Primary products of agricultural lands included in the project are cereal grains, alfalfa hay, irrigated pastures for beef cattle, onions, potatoes, and grass seed (USDI Bureau of Reclamation 1998). As a result of the Klamath Project, about 80 percent of Klamath Basin wetlands are now gone (Portland Oregonian 2001a) .
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The Klamath Project has three primary water sources: Upper Klamath Lake, Clear Lake, and Gerber Reservoir. Upper Klamath Lake is the largest lake in Oregon in terms of surface area and empties into Lake Ewauna and the Klamath River, reaching the Pacific Ocean through northern California. Upper Klamath Lake and its surrounding wetland ecosystems support a wide range of fish and wildlife species. Clear Lake and Gerber Reservoir feed the Lost River, which runs through the Klamath Project and eventually ends up in the Tule Lake sump (Hathaway and Welch 2001) .
The Klamath Project includes two national wildlife refuges: Lower Klamath National Wildlife Refuge, comprising 46,900 acres, was established in 1908 as the first waterfowl refuge in the United States; Tule Lake National Wildlife Refuge, comprising 39,116 acres of marsh sumps surrounded by cropland with some refuge land leased to private farmers, was established in 1928 (Hathaway and Welch 2001) . Both refuges lie at the outflow end of the Klamath Project and rely primarily on unused water and return flows from irrigation canals. The refuges offer important areas for fall waterfowl migrants, attracting 55 to 60 percent of migrating birds in the region (Jarvis 2001) . The Klamath Basin also supports the largest wintering population of bald eagles (Haliaeetus leucocephalus) in the United States outside of Alaska; the bald eagle is listed as threatened under the Endangered Species Act (ODFW 2002) . Klamath Basin bald eagles feed primarily on waterfowl and fish, among other species.
Historically, Lost River sucker (Deltistes luxatus) and shortnose sucker (Chasmistes brevirostris) were abundant in Upper Klamath Lake and supported a subsistence fishery by the Klamath and Modoc Tribes (Cooperman and Markle 2001) . However, in 1988, after a series of die-offs and reduced recruitment events, the two suckers were listed as endangered under the Endangered Species Act. Their decline generally has been attributed to reduced water quality, excessive harvesting, introduction of exotic fishes, alteration of flows, entrapment of fish into water management structures, and physical degradation of spawning areas (USFWS 2001) . To address the possible effects of water quality and habitat loss on sucker populations in the lakes, the biological opinion prepared by the U.S. Fish and Wildlife Service in 1992 suggested that a lake elevation of 4,139 feet was adequate to provide sufficient habitat to maintain sucker populations (Cooperman and Markle 2001, USFWS 1992) . Sediment cores of the Upper Klamath Lake bottom show water quality deterioration, with sediment accumulation rates rising and nitrogen and phosphorus levels increasing, changes that are consistent with agricultural activities in the region (Eilers and others 2001) . Disagreement exists, however, regarding sources of this nutrient inflow to the Upper Klamath Lake. Rykbost and Charlton (2001) , for example, argue that nutrient flows from agricultural lands adjacent to Upper Klamath Lake have been overestimated.
The Klamath Basin also has been home to several anadromous fish including coho salmon (Oncorhynchus kisutch), chinook salmon (O. tshawytscha), steelhead trout (O. mykiss), coastal cutthroat trout (O. clarki), green sturgeon (Acipenser medirostris), eulachon (Thaleichthys pacificus), and Pacific lamprey (Lampetra tridentata). All anadromous fish species in the Klamath River are now in serious decline, with the greatest effects from irrigation and hydroelectric projects that have altered or eliminated access to hundreds of miles of riparian habitat (Giannico and Heider 2001) . These changes led to the listing of southern Oregon and northern California coastal coho salmon as threatened under the Endangered Species Act in 1997. The first biological opinion on the coho salmon was issued in 1999.
Historically, the Upper Klamath Lake water releases for irrigation were not affected by the amount of inflow into Upper Klamath Lake. As a result, prior to the listing of Lost River and shortnose suckers, farmers in the Klamath Project did not have to compete for the water provided by the project, and received enough water to irrigate all their lands (Burke 2001) . However, the listing of the two fish under the Endangered Species Act dramatically changed water allocations under the project. The first significant disruptions to irrigation resulting from the listings occurred when contractual obligations between the Klamath Project and irrigators were disrupted in 1989 and one-third of the farmers in the Klamath Project received only half of their normal water supply (Adams and Cho 1998) . Water supplied to irrigators again was disrupted during the drought years of 1992 and 1994.
In early 2001, new biological opinions on both sucker species and the coho salmon were issued. In the case of suckers, the opinion raised the minimum lake elevation to 4,140 feet, higher than that set in the 1992 biological opinion. In the case of the coho salmon, the 2001 opinion increased downriver waterflow releases above 1999 biological opinion levels (Giannico and Heider 2001) . Because 2001 was one of the driest years on record, these new lake level and waterflow requirements left too little water to meet irrigation needs of Klamath Project farmers. As a result, water normally supplied to irrigators by the project from Upper Klamath Lake was shut off. By July, 70,000 to 75,000 acre-feet of water eventually was released to farmers but was too late to contribute to 2001 agricultural production. The incident was the first time in the project history that access to agricultural water for irrigation districts in the project was completely denied. Not all farmlands in the project were cut off from the water-farmlands with access to water from Clear Lake were provided with irrigation water, for example. However, about 35 percent of all irrigated acreage in the basin was affected (Jaeger 2001) . The lack of water left more than 100,000 acres in the project without crops and dried up substantial acres of wetlands in the refuges.
Lack of sufficient water in the region had both socioeconomic and ecological impacts. Losses to gross farm revenues in the Klamath Project have been estimated at about $59 million (Burke 2001) , which if true is significant considering that the project's gross farm revenues typically are about $100 million. Social impacts included polarization among residents in affected communities, tension among community members, and highly confrontational incidents between farmers and environmentalists, state and federal agency employees, and Native American tribal members, among others (Lach and others 2001) . Tension also existed among farmers themselves over who received water, who received drought assistance, and who was willing to sell or retire land as one way to reduce farm losses. From an ecological standpoint, the restriction of waterflows to the Klamath Project from Upper Klamath Lake also interrupted flow into the Lower Klamath and Tule Lake National Wildlife Refuges, causing detrimental effects to waterfowl, shore birds, and other wildlife (Portland Oregonian 2001a) .
Complicating these water allocation issues in the basin are unresolved issues involving Native Americans whose water rights have not yet been adjudicated. Adjudication is a legal proceeding in which vested water rights are verified, quantified, and documented as property rights through appropriate court proceedings. There are a variety of both administrative and judicial adjudication methods, with each method presenting different challenges for individuals involved in such proceedings. Once adjudicated, the water rights holders receive decreed rights for specified amounts of water.
The 2001 Crisis
Historical and Future Water Supply
There are three tribes in the basin-Klamath, Modoc, and the Yahooskin Band of the Snake Indians-to which the two sucker species and the coho salmon are of particular cultural significance. Historically, the fish were supported by water arising from or flowing through the tribes' traditional hunting and fishing territories. The priority date of tribes' reserved water right to support hunting and fishing lifestyles is "time immemorial," and essentially guarantees access to these species in quantities sufficient to meet tribal needs. Also, water use prior to 1909 is considered a vested right subject to adjudication. Although adjudication is ongoing, a vast majority of water rights have priority dates earlier than 1909 and likely will not be subject to transfer, which could be a significant obstacle to long-term resolution to water allocation issues in the basin.
Farmland in the project that was denied water in 2001 is relatively fertile and produces relatively high-value crops such as potatoes and onions. It has been estimated that if water rights could have been transferred from low-quality farmland outside the project to high-quality farmlands within the project before the crisis, more than 80 percent of the costs incurred in 2001 could have been avoided (Jaeger 2001) . However, water right transfers from low-to high-quality land are not expected to take place in the near future because water rights to most low-quality land are under the adjudication process.
Short-term water supply in the Klamath Basin has varied greatly, but historically has been relatively stable. The historical annual precipitation at Klamath Falls has been 13.73 inches per water year with a standard deviation of 3.94 inches (fig. 7 ). The wa- Most water use in the Klamath Basin relies on summer streamflow, which is highly dependent on snowmelt. Precipitation projections suggest winter precipitation will increase. However, if winter temperatures rise as also projected, precipitation may come as rain instead of snow, resulting in greater water availability in winter, but less in summer. It is important to account for both precipitation and temperature when projecting changes in streamflow.
Runoff projections using the Canadian Climate Center model and the vegetation model MAPPS (see, for example, Bachelet and others 2001) suggest that an expected doubling of CO 2 by the end of the 21 st century could result in year-round increases in runoff. This could help to ease competition for water in the Klamath Basin by increasing water supply should climate change occur as expected. However, climate projections, particularly those of precipitation, differ greatly across models, and both the Canadian Climate Center and the Hadley models tend to project wetter climatic conditions in the future than do other models. As a result, the future remains uncertain.
Many private and public entities in the Klamath Basin area claim water rights, including Crater Lake National Park, the USDA Forest Service, the Bureau of Reclamation, the Klamath Wildlife Refuge, tribes, irrigation districts, and individual farmers, among others. Although 2001 was one of the driest water years on record, with roughly 700 claims to water in the Upper Klamath watershed, even the wettest year would not provide sufficient water to satisfy them all (Milstein 2001) . Given the needs of irrigators and endangered species, it is obvious that water must be managed more effectively in the Klamath Basin. This includes focusing management and policy on alleviating conflicts by manipulating the timing and quantity of diversions, especially during drought years, and transferring water rights among users.
Aiming to ease conflicts in the basin, a community-based approach has been pursued involving multiple stakeholders. One example is the Hatfield Klamath Basin Working Group formed in 1995 consisting of 27 public and private representatives. Their objective is to reduce drought impacts by purchasing farmlands and restoring wetlands (Blake and others 2000) . These types of collaborative efforts, in addition to public management, could facilitate equitable water resource reallocations in the Klamath Basin in the future.
The complex water resource issues that characterize the Klamath region are common to many of the water-dependent regions of the Western United States. Similar incidents can occur elsewhere, as the demands for all water uses, including those dependent on instream flows, increase. For example, as Oregon's Governor Kitzhaber observed, "The same competing demands for water that caused the Klamath Basin crisis could trigger a similar, but much larger collapse in the Columbia River basin if those conflicts are not resolved" (Portland Oregonian 2001b) . Better knowledge regarding current and projected demands for water in various uses is vital for anticipating and evaluating socioeconomic and ecological tradeoffs in the future, as well as devising appropriate water resource management and policies. Although this information will not avoid problems arising from changes in hydrological conditions, it can assist in designing policies to minimize costs and to ensure that costs are not disproportionately borne by specific groups. Management strategies and policies that reduce water demand through more efficient water use or establish water banks or markets to facilitate transferring water rights from consumptive to instream uses when maintenance of riparian and instream habitat is a priority may be desirable.
Klamath Basin Future
Reliable natural science information also is needed. Biological opinions issued by the U.S. Fish and Wildlife Service and the National Marine Fisheries Service, which led to water restriction imposed on the Klamath Project, have been questioned by the National Academy of Science's Committee on Endangered and Threatened Fishes in the Klamath River Basin (CETFKRB 2002) . The committee was established by the Secretary of the Interior for the purpose of conducting an external review of the scientific basis for the biological opinions from a neutral point of view. It could be difficult to gain agreement among stakeholders on measures leading to any solution to future crises, without scientific information that all concerned groups agree on. Developing a body of accurate scientific information, with active involvement of federal and state agencies, academic researchers, farmers, environmentalists, and other relevant groups will be necessary to address the need for tradeoffs between natural resource management and increasing water demand in the future.
Freshwater withdrawals for public and domestic uses and industrial and commercial uses in the Pacific Coast States are projected to increase by 85 and 71 percent by 2050. This projected increase would exceed a projected 9-percent decline in withdrawals for irrigation, resulting in a 10-percent net increase in aggregate withdrawals by 2050. Estimated projections for freshwater withdrawals are greatly dependent on assumptions made regarding population change, irrigated acreage, and irrigation efficiencies. Under different assumptions, projected increases in aggregate freshwater withdrawals for Pacific Coast States range from 1 to 24 percent by 2050. Projected reductions in withdrawals for irrigation range from 4 to 10 percent. In all scenarios tested, projected reductions in irrigation withdrawals are more than offset by projected increases in withdrawals for public and domestic uses (44 to 153 percent) and industrial and commercial uses (33 to 134 percent). If projections were to be made even further into the future and populations were expected to continue to grow, we might expect that irrigation efficiency gains and declines in irrigated acres eventually would level off, resulting in net increases in freshwater withdrawals even greater than amounts currently projected.
Meanwhile, current trends suggest that demands for water recreation activities are increasing. Projections of water recreation demands suggest significant increases in participation in water recreation activities of all types by 2050. Participation rates in all water recreation activities, with the exception of fishing, are expected to grow faster than the population, owing in part to rising incomes. Projected increased demands for water recreation imply greater demands for maintaining instream flows that will bring water recreationists in more direct competition with consumptive uses of water in the future. The potential for conflict among different users exists if some users view their use as more important than others. Allocating our limited water resources across many diverse uses and users in an equitable manner will continue to challenge water resource managers and policymakers.
This report has considered only human uses of water, and has not considered the role of water as instream flow necessary in the maintenance of riparian habitat. All the uses of water discussed will have varying degrees of impacts on both the quantity and quality of instream flow in the future. Although consumptive uses of water can be in direct competition with instream uses, maintenance of riparian habitat for example, allocating water between consumptive and instream uses need not always involve
Summary and Conclusions
choices of who shall win and who shall lose. Sometimes multiple uses can be accommodated by changing such factors as the timing or duration of water withdrawals in ways that avoid more difficult tradeoffs that exclude certain users or uses altogether. Finding such solutions, if they exist, requires the mutual cooperation of affected users (or those who represent particular uses, as in the case of maintenance of riparian habitat) and scientific information that those users both agree on and trust.
The availability of water for both consumptive and instream uses will be determined in part by factors beyond the direct control of water resource managers and policymakers. Climatic conditions, drought cycles, and El Niño and La Niña ocean conditions, among other factors, will affect precipitation and water availability in the Western United States, and play a significant role in shaping necessary water resource allocation decisions in the future. Although future demands for water in various uses can be estimated based on historical rates of use and past trends in key factors affecting use, the long-term effects of weather and climatic conditions on future water supply may be more difficult to predict.
Long-term trends in water consumption do suggest that allocating water resources could be even more challenging in the future. As seen by the 2001 water crisis in the Klamath Basin, short-term fluctuations in water supplies can significantly tax water resource managers and policymakers in the near term as well. Such unforeseen events can call for relatively quick, but thoughtful allocation decisions on the part of managers and policymakers, often with imperfect information about who will gain and lose as a result of management and policy actions. Socioeconomic and ecological research, conducted in the spirit of collaboration, could aid in such instances by increasing our understanding about how best to evaluate the tradeoffs involved in water resource allocation decisions. The body of knowledge about how people in Pacific Coast States would choose to resolve water resource allocation problems, such as those that occurred in the Klamath Basin in 2001, is relatively small. Increased research regarding the benefits and costs associated with alternative water resource allocations across multiple users and uses, both consumptive and instream, seems warranted. Investing in such research now would help to ensure that better information is available to meet the unforeseen water management and policy challenges of the future. This study was funded by the Pacific Northwest Research Station's Water Sustainability Initiative. We thank Richard Adams, Deborah Hennessy, Callie McConnell, and Deanna Stouder for helpful comments. We also thank Ray Drapek, U.S. Department of Agriculture, Forest Service, for providing long-term trend projections of precipitation, temperature, and runoff in the Klamath Basin by using global circulation models.
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